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were investigated, including a means for exciting the modes in a more optimum manner. The mode patterns 
observed as the oscillator frequency was swept over selected frequency ranges, provided experimental data 
for low-loss and high-loss propellants that could be used to support theoretical analysis. Theoretical 
Mathematical expressions have advanced that provide a means for calculating the needed operating fre- 
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The number of observable (detectable) modes will be equal to or less than the number of theoretical modes 
dependent on the following factors: Q of the tank and antenna assembly, complex permittivity of the 



average dielectric of the tank, mode detector and the characteristic impedance of the RF source and 
coupling elements, including RF cables. 
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FREQUENCY GHz FM-537 

Figure 1.- DENSITY OF OBSERVABLE MODES IN A 1/10-SCALE S-1VB TANK LOADED WITH RP-1 
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Figure 2.- OUTPUT CHARACTERISTICS OF A RF GAGING SYSTEM 
ON A I /10-SCALE S-1VB TANK FILLED WITH RP-1 






Figure 3 shows the RF Gaging System in block diagram form. The RF section consists of a voltage 
tunable RF Sweep Oscillator, an attenuator, a low-pass filter which cuts off at the maximum desired 
output frequency, and a directional coupler which provides a sample of the RF power level. This 
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oratory or prototype RF sources are used. 
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Figure 3.- RF MODE COUNTING SYSTEM 




The theoretical maximum number of modes which may be established for a given empty tank over a fixed 
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In the case of high Q systems (tanks whose internal surfaces are good electrical conductors, and where 
the material to be gaged has a low electrical loss factor) Equation (2) can be used to predict the maximum 
number of excitable modes. Since this number is the maximum possible, not including mode degeneracies, 
the actual observable mode count falls below this predicted maximum. An empirical modification of Equation 



A generalized theoretical treatment derived from Equation (2) that takes into account low Q systems 
in which mode merging is evident has been formulated, and is given by: 



where Q d («) relates to the dielectric, Q u relates to the empty tank, Q. relates to internal thermal 
insulation if present, and Q relates to the external source and RF probe. The quality factor Q d 



is a function of the fractional fill ratio, a , and dependent on both the real and imaginary parts of 
the complex permittivity (g * - E "j) of the material to be gaged. 

The value of Q L> as determined from Equation (5), may be used in conjunction with Equation (4) to 
establish the optimum frequency limits, f. and f„. for a hioh 1 nss. desrpnHinn rnrup nf W 
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reason to believe that orientation sensitivity should be any greater than that of the non-cryogenic fuel 
simulates. 

Fuel simulates such as Benzene and RP-1 have been used for orientation sensitivity tests with data as 
shown in Figures 4 and b repeated several times, indicating very little orientation sensitivity. 
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*Based on Actual Test Data. AH other Ranges Calculated from Equations Given in Appendix 
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Figure 6.- LOX MASS Figure 7.- LOX MASS 
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Test Results and Analytical Data now available lead to the following conclusions: 

1) The RF Gaging technique has been proven feasible for both cryogenic fluids such as LOX, 
and for various non-cryogenic dielectric fluids. 
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